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The reoeseea fuel VBpt installation, looatd on the lower BUT- 
fa- of t he  outer - psnel, was designed ue a modiffoation of t he  
e i g u r a t i o n  desorfbed In ref'ererm 1. The vetnt tube8 in the cop- 
flgurebtion far this i n v e e t ~ t i c n ,  however, y81?8 loosted on the 
floor of the ramp rather than on the rear slope. The reueeead 
vents are intenaed to  replaoe fuaelags andl nacelle  flush-type vente, 
vhicah are belimed to  oonstitute a serious fire hazard. Beoauee 
the lncatlcm acP the reoeeeed v&e are In an area sueqptlble  to 
io-, p a r t l o u l a r l y  d&n& loww3peeb om;liee, olimb, and letdnm 
f-t conditione, It m a  1160886ax7 to  betermlne w h e t h e r  ioe  forms- 
tione op the vent coald euf'floiently reduae the vent air flow or 
fuel-oell  Interm1 p e e u r e  to cause oollapee or failure of the 
fuel oells. 

An RCLCA 65,2416 aircPoll eection of 8-foot chord WBB wed ae 
u m o b 1  for the vent inetsllatlon (fig. 1) The wlng model 
vae equlm vlth an extern81 eleot r lo  heater o m  the leebdhg-edge 
reglon bemk t o  2O-geroept aP chord. Detaile aP the vent are ahown 
in figure l(b) 

The vent aeeemibly was 80 inetalletl that the edge of the 
reoe~e m e  located at 67 peroent Crp ohord QP the lower eurfaoe of 
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aP the greeeure ooefflclent - B-PO , where p l e  the surface etatic 

pree8ure, po l e  the free-etrssPr etatic presetare, enb Q l e  the 
free-etream velooity preesure. All loas1 etatic pa?eesuree at the 
upstrefm end aF the VBpt ramp are negative. A t  the bottom of the ramp, the BurPam preeeurea are poeitlve  at anglee of attaok greater 
thsn 40. 

a0 

The margins1 vent preeeure oosdition cb 2 inchee of mater 
poeltlve preeeure l e  not attained for the rapge of angles of attadc 
inverjt3gated at a tumol-air  velocity of 220 feet per aemnd. Thie 
margins1 vent preeeure l e  attained  at an angle of attaok ob appmx- 
imatelp 6.50 for a ttmnel-air veloolty 09 350 feet per eemnd. On 
the basis of them obeervatlasle, the vent ln~~tal lat lon 3.6 eubnm?&ml 
In Its asrodyzlando obaraoterietlce at air veloolt iee below 220 feet 
per eeoond for anglee of' attaok up to 140. 

Photugmpha of typioal forasstione cd Ice on the vdpt ard wing 
eurfacee are ahown in figare 5. The 10- conilltiool for t W e  part 
09 the lnveetl&lon was aa follow: tunnel-air veloolty, 220 feet 
per eeocaud; angle of attack, 14'; mnbient-alr tanpmtw, 25O P; 
and llquia-water wntent, 1.5 m e  per oubic meter. A t  the end 
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of 30 minutes (fig. 5(a)), only a light ice fornratian m a  observed 
on the vent ramp and no ice or frost  w88 observed in the vemt tubee. 
A t  the rear of the vent installation, a ridge of i o8  sppoxlmately 
3/4-inch thiok was built  up neem the aurfaoe. Theae farmatione 
of ice,  particularly st the rear edge a9 the vent recess, inoreaeed 
in s i ze  and extent LEI the icing period waa ixmre8seB (flg. 5(b) 1 . 

For the  icing oonditioner iwesti@teb, the etat ic  pressure i n  
the vent tubes and the air flow through Ghe vent tubee  were^ reduced 
with progressive ioing.  These losaee were caused by rough ice for- 
mations on the wing eurfaoe upstream of the vant re~l~~p, light i- 
formstitma op the  vest ramp, and f’roet farmetiona inaide  the vent 
tubes. The fact  that the upstream orifice static pressure and the 
vent-tube s ta t ic  preseure gave identioal readipge lmdsr all icing 
oonditions indicates that the vent-tube a ta t ic -pssure  openings 
did not ice. The vsriatio4 & vent-tube etatic preseure and sir 
flow with time for the icing condltiam shown in f igura 5 i e  pre- 
sented in f iguree 6 snd 7 ,  respectively. 

The vant-tube peesure is plotted a8 a pressure differential 
(ps-po). In general, the p a s u r e  differential dsareaeed rapidly 
with time during the icFng period. Sigure 6 &om that the doelred 
2-inch wessure differential between the vent-tlibe peeeure and the 
ambient etatfc pressure is euhmarghal for 8 non-ioing oonditiap. 
The increase in pressure differential in vent tube 4 mar the end 
of the  icing period is amounted for by the ecooping eFfeot of the 
ice f ormatiom as desaribed In the diaouesion al? figure  5(b). 
After  the tunnel shutdown at the end af 30 minutee, a a e  ioe for- 
mstians ware blawn off the Xing SurPace vhen the tunnel 1788 
restart&. The reduction of the wi- ice formstiona aocount for 
the  increase i n  vent-tube preeaure differentials  Bhm to OCOUT at 
point A in  figure 6. 
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A typical reduction of vent air flow w i t h  time durlag an icing 
period is sham in ffgure 7 .  Frm an origin81 value of 0.605 pound 
per minute, the air flow through a vent tube deareased with time, 
as sham in figure 7 .  The ioing  conditions were the aam~ as f o r  
figure 5. The partial removal of aing surface i o e  folllPatfons 



(polnt A) had the efPect of inareasing the air flow through the vent 
tubes by reducing the roughness ugetream of the vent openlngs and 
by reducing the  turbulent  aondition aF the air flow over the WLag 
eurPaoe 

Icing experiments were also oonducted a t  an angle of attack 
7O and tunnel-air  velocitfee of 220 and 370 feet  per second at 

ambient-air temperatures of 20° and 00 F, respeutively. The icing 
c!hamcteris%lcs a9 the Bent hatal la t ion and the pseure loeees 
for these experfments were similar to, but lese eevere than, those 
desoribd for an angle of attack of 14O 

Durw the simulated freezing-rain erperiment (fig. 8 )  the 
Ice  fomaticm on the wing were observed t o  build up normal to the 
etacfsce rather than f acing into the air stream. The ice formation 
juet aft the  tring be-icer acormrmuleted to a mBLimum t h f c h e s e  
of 2.5 inohes. The results of the  efmu3sted freezing-rain erperi -  
mept were similar to  the iaing erperiments in that the vent pres- 
sure and air flow through the vent tubes 'decreased, rapidly with time. 

The chsraoterietice aP eeveralmodifIoatloIu3 of rsmp-type 
receeeed f u e l  cell vent aesermbllerr, In whloh the vent tubes are 
mounted on either the floor or the rear wall of the ramp, a m  be- 
inveeti@%d in the M C A  Cleve'JRnR fcl~lg researoh funnel. 
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2. m e  reoessed fuel-cell vent tubes remained Ioe-free for 
anglee of attack up t o  14O rmA#r e e v m  i o i q  and einulated freesing- 
rain oanditlone c& 30- to 60-mllazte duration. 
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4. The vent-tribe air flow was decreased by the general icing 
characteristice of the m t  inetallation and the ioe formatione on 
the uing aurface. 

1. Ruggeri, Robert S.: Investietion of the AerodpamLc and Icing 
Characteristics of a Reoeased Fuel Cell Vent Assembly, 
I - Bear Wall Vent-Tube Nounting, HACB Rh1 Eo. B?b, 1948, 
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figure 2. - Sphematic  diagram of f'uel-tank  vent assembly showing locations of static- 
pre a a m  tube a. 
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Surface distance, in. 
Figure 3. - mffect o f  angle of rttaak on pressma distribution over fue l  vent ramp 

enrfaae. Bo vent air flow; tunnel velocity, 220 f e e t  per seaond. 
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Figure 4. - Variation of vent-tube dlfferential s ta t i c  pressure 
rfth angle of attack. No vent air f low.  
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Icing time, mln 

Figure 6. - Variation of vent-tube differential  static  pressure 
with  icing  time  for  60-minute  icing period. Tunnel-alr 
velocity, 220 feet e r  second; angle of attack, 14O; ambient- 
a i r  temperature, 23 g F; liquid-water content, 1.5 grama per 
cubic meter;  droplet s i z e ,  15 microna- 
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Icing period, min 
Figure 7. - Variation of typical  vent air flow (vent tube 1)  

w i t h  i c ing  time for 6 0 4 n u t e  icing period. Tunnel-air 
Velocity, 220 feet em aecondo  angle of attack, 140; ambient- 
air temperature, 23 B F; liquid-water content, 1.5 grams per 
cubic  meter;  droplet size, 15 microns. 
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